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 SUMMARY
The National Land and Water Resource Audit (NLWRA) identified Dryland Salinity
(Theme 2) as one of seven major themes for an audit of the nation's land, water,
vegetation and natural resources. Within this theme, Project 1 was developed to
identify the Extent and Impact of Dryland Salinity nationally. This report details the
results from work done in Western Australia (WA) to meet the Audit requirements.
The definition of dryland salinity was taken to be that salinity caused by shallow
watertables which result from anthropogenic induced changes in a catchment in
which the only water input is from natural precipitation (Nulsen and Evans 1998,
unpublished). All analysis is based on groundwater depth and trend and the risk of
shallow watertables is derived from these two attributes. As dryland salinity is caused
by shallow watertables, the risk of salinity is inferred from the risk of shallow
watertables. Not all shallow watertables will be saline.
Given the timeframe of the NLWRA, a requirement was that reporting of the extent
and impacts be based on the best readily available data. The agreed data elements
to be analysed for Project 1 nationally were groundwater levels and trends from
bores and wells monitored over recent years. Future impacts were to be predicted for
the years 2020 and 2050.
The Natural Resource Assessment Group (NRAG) of Agriculture WA has mapped
the south-west of WA using a hierarchical landscape mapping system (Table B). The
mapping process is based on geology and geomorphology. In WA most groundwater
movement and process is controlled by the geology and regolith properties.
Therefore, this system was seen as appropriate for attributing hydrologic properties.
The maps were examined by members of the Catchment Hydrology Group to ensure
that there were no major conflicts between the map units and the current
understanding of groundwater processes.
The Catchment Hydrology Group had been progressively uploading over 5000
monitoring and research bore records to its AgBores database. This process was
accelerated to provide a monitoring bore and time series database.
Groundwater hydrographs were analysed to determine depth to watertables and
hydrograph trends within identified broad regional zones. Data elements analysed
were groundwater levels from bores and wells monitored within each system. The
average length of monitoring for each record was five years. Soil-landscape systems
were then allocated a risk rating based on the frequency of depth and trends in
available groundwater monitoring information. The resulting map is a spatial
representation of both depth and trend at year 2000. Groundwater trends were
assumed to continue at current rates to predict watertable depth and allocate a risk
rating in 2020 and 2050.
The groundwater analysis was also used along with water balance information to
identify risks to agriculture, infrastructure, biodiversity and surface water if current
trends continued.
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The key results from the WA audit show that for the south-west region:
• Groundwater trends are dominated by rising or stable trends. No systems have
significant falling trends.
• Approximately 16% of the region has the potential for salinity in 2000 due to
shallow watertables.
• 20% of the region has the potential for salinity in 2020 due to shallow watertables.
• 33% of the region has the potential for salinity in 2050 due to shallow watertables.
• Recharge modelling of current and future farming systems indicates that predicted
changes in land use only sufficiently changed recharge in three zones to delay the
onset of salinity. The reduction in recharge was not sufficient in any of these
zones to reduce the eventual extent of salinity.
The datasets suggest that current and perceived future land uses will result in
approximately one-third of the south-western agricultural areas being affected by
shallow watertables and salinity. This will potentially affect about 30,000 km of road
and rail networks and at least 27 major rural towns. Surface water resources in the
south-west of the State are likely to become more saline. The impacts on biodiversity
are only just starting to be appreciated, but it is estimated that at least 1500 plant
species will be affected, with 450 subject to extinction. Salinisation is also likely to
reduce fauna species by 30% in affected areas. It is estimated that around 6.5 million
hectares of agricultural land will be subject to shallow watertables and salinity.
The annual costs of current impacts have been estimated in Table A. These are ‘best
bet’ estimates and do not include any assessment of the costs and benefits of
strategies designed to combat salinity.
Table A. Estimated current impacts of salinity.
Annual cost* in year 2000 due to
watertables/salinity
Best bet Possible range
Agricultural land – Opportunity cost of lost
operating profit
$80 $80-261
Rural towns – Annuity of a 50 year discounted
present value
$5 $2-16
Roads – Additional repair and maintenance
costs
$505 Not tested
Railways – Additional repair and maintenance
costs
$11 Not tested
Vegetation – Imputed cost of protection of 10%
of affected areas
$63 $63-626
* Values in millions of dollars.
It is important to recognise that the risk analyses and conclusions presented in this
report provide only a statewide appreciation of the extent and impacts of dryland
salinity. Groundwater trend analysis at the scale used will only provide an overview.
Trends at local level (farm and paddock) can only be ascertained from individual
bores whose location with respect to landscape position and hydro-geology is well
known.
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The most important aspects of ongoing salinity investigation in Western Australia will
include determining groundwater trends at catchment scale (1:10,000 to 1:25,000),
and the impact that different management strategies will have on these trends.
Constraints related to audit methodology were identified. The issues of reporting
scale, monitoring bore distribution and density, data quality and availability need to
be considered when interpreting the results of this project.  Methodologies and
standards to improve the rigour of subsequent national, regional and local scale
Audits need to be developed.
Future audits to determine the extent and impact of salinity will require improved
datasets from those that were readily available within the given timeframe. The
preferred approach based on remote sensing and groundwater data as outlined by
Nulsen and Evans (1999) should be investigated.
Table B illustrates the hierarchical scale of mapping used in this study along with
examples of how results can be used. The maps produced should only be used as a
planning tool, with meaningful and defensible conclusions drawn, at the national,
state and regional levels. More detailed work is required for reporting at the
catchment and farm scale.
Recommendations include:
• Continue to develop methodologies and standards for future audits.
• Continue to develop a knowledge of groundwater processes in agricultural
regions.
• Improved data collection at a catchment scale (1:25,000).
• Extension of the current groundwater monitoring networks to provide essential
data on groundwater depth and trend. Monitoring various land management
treatments should also continue.
• Assess groundwater resources in agricultural areas. Improve the monitoring of
both surface water and groundwater resources.
• Completion of the Land Monitor project.
• Estimates of costs associated with infrastructure repair, maintenance and
replacement need to be improved.
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Table B. Use of Project 1A report and mapping products as a planning tool.
SCALE USE USER EXAMPLE
REGIONS
PROVINCES
NATIONAL AND
STATE PLANNING
RESOURCE
ALLOCATION
NATIONAL AND
STATE
GOVERNMENTS
INDUSTRY GROUPS
SPECIAL INTEREST
GROUPS
IDENTIFY AREAS
AT RISK OF
DRYLAND
SALINITY
ALLOCATE
RESOURCES TO
IMPLEMENT
SOLUTIONS
ZONES
SYSTEMS
STATE ,
REGIONAL AND
LOCAL PLANNING
STATE AND LOCAL
GOVERNMENTS
INDUSTRY GROUPS
SPECIAL INTEREST
GROUPS
COMMUNITY
GROUPS
IDENTIFY
BROAD
LANDSCAPES
WHERE SALINITY
MAY OCCUR
IDENTIFY
RESEARCH
NEEDS TO
AMELIORATE
EXTENT AND
IMPACTS
IDENTIFY NEW
INDUSTRIES
SUB-
SYSTEMS
SOIL
PHASES
CATCHMENT
PLANNING
FARM PLANNING
LOCAL
GOVERNMENTS
INDUSTRY GROUPS
SPECIAL INTEREST
GROUPS
COMMUNITY
GROUPS
INDIVIDUALS
IDENTIFY THE
CAPACITY TO
CHANGE
e.g. NEW
OPPORTUNITY
FOR INDUSTRY
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1.0 INTRODUCTION
The National Land and Water Resource Audit (NLWRA) identified Dryland Salinity
(Theme 2) as one of seven major themes for an Audit of the nation's land, water,
vegetation and natural resources. Within this theme, Project 1 was developed to
identify the Extent and Impact of Dryland Salinity nationally. This report details the
results from work done in Western Australia (WA) to meet the audit requirements.
The national audit required a consistent analytical approach across States and
Territories to provide an objective assessment of dryland salinity extent, severity,
risks and impacts at the regional level. Knowing how big the problem is now and
likely to be in the future, will enable National and State governments, industry and
communities to make better informed decisions on policies and investment in
management.
This project covered the south-west agricultural areas of WA, an area of 26.7 million
hectares. The overall aim was: ‘To report on the extent and impact of dryland salinity
in Western Australia and to provide a framework for future Audits.’
For the audit, the definition of dryland salinity was taken to be that salinity caused by
shallow watertables which result from anthropogenic induced changes in a catchment
in which the only water input is from natural precipitation (Nulsen and Evans 1999).
All analysis is based on groundwater depth and trend and the risk of shallow
watertables is derived from these two attributes. As dryland salinity is caused by
shallow watertables, the risk of salinity is inferred from the risk of shallow watertables.
Not all shallow watertables will be saline.
Given the timeframe of the NLWRA, a requirement was that reporting of the extent
and impacts be based on the best readily available data. The agreed data elements
to be analysed for Project 1 nationally were groundwater levels and trends from
bores and wells monitored over recent years. Future impacts were to be predicted for
the years 2020 and 2050.
To achieve the aim of reporting on the extent and impacts of dryland salinity, a further
four objectives were developed.
• Using existing datasets, identify appropriate spatial units for the south-west of WA
in which to attribute groundwater data.
• Identify and define areas at risk from dryland salinity (based on depth to
groundwater) and include status and trend.
• For each soil-landscape unit predict the current and future impacts of shallow
watertables on infrastructure, water resources, biodiversity and agriculture.
• Evaluate the effectiveness of current groundwater monitoring and identify the
requirements for future audits.
These objectives logically set out the basis for the methodology whereby
groundwater and spatial data were collated and analysed for this project.
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2.0 METHODOLOGY
The objectives identified above formed the basis of the working methodology for this
project.
2.1 Extent
2.1.1Spatial units
The Natural Resource Assessment Group (NRAG) of Agriculture WA has mapped
the south-west areas of WA using a hierarchical landscape mapping system. The
mapping process is based on geology and geomorphology. In WA most groundwater
movement and process is controlled by the geology and regolith properties.
Therefore, this system was seen as appropriate for attributing hydrologic properties.
The maps were examined by members of the Catchment Hydrology Group (CHG), to
ensure that there were no major conflicts between the map units and the current
understanding of groundwater processes.
This mapping provided the spatial units to attribute groundwater depth and trend and
also provided a basis for spatial analysis. The largest scale for which the mapping
occurred ranged between 1:50,000 and 1:100,000. This represents a regional scale,
and is not suitable for sufficient to extrapolating data to the catchment or farm level,
ie to scales of 1:10,000 to 1:25,000.
2.1.2 Groundwater analysis
It was agreed nationally that the depth to the watertable would be used to indicate
the likelihood of shallow watertables and the potential for salinity. To determine the
‘risk’ of shallow watertables, an analysis of available groundwater data were required.
The Agriculture WA Catchment Hydrology Group has over 5000 monitoring and
research bores in its records.  The group has been progressively uploading these to
its AgBores database.  This process was accelerated to complete the bore
information and time series data database.
The custodian of the remaining groundwater data is the Water and Rivers
Commission (WRC). A search was undertaken of WRC databases for any bore data
with time series information greater than five years. Records from this search were
included in this analysis.
Groundwater monitoring sites are established for a variety of reasons including the
long-term monitoring of regional trends, assessment of the impacts of specific land
management options and for catchment based monitoring. Many early sites were
established near discharge sites, or at sites that have since become discharge sites.
As a result, many sites may now only represent a small section of the landscape.
Groundwater data were filtered to remove sites that were specific for treatments such
as tagasaste plots or lucerne trials. Data were also filtered to remove sites
established on discharge areas where discharge sites were not representative of the
particular unit.
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The groundwater data were allocated to the spatial units to allow analysis for each
unit. This process was limited where the distribution of bores was significantly biased
to one landscape position. Sites in some units were mainly located around discharge
areas and/or there is only one groundwater record taken at the time when the bore
was established.  Where this occurred, the experience of the regional hydrologist was
used to filter the datasets according to their understanding of groundwater
processes.  If the discharge areas were not representative of the land system as a
whole, a greater significance was placed on those bores located away from
discharge sites.
The spatial location of bores within a unit was highly variable. In some units the
distribution was relatively even, whereas in others, the distribution was limited to a
small section. Where a unit represented a large proportion of the study area and
bores were not distributed evenly, the attributes of known bores were distributed
across the entire system.
The scale of reporting necessarily required some generalisations to be made. Whilst
systems are mapped at between 1:50,000 and 1:100,000 scale, there is still
significant variation within a unit, particularly with respect to landforms.
Some units contain only minimal or unreliable bore information and there is
insufficient knowledge to determine depth, trend or potential risk. If the unit occurred
in areas either adjacent to systems with data and/or in similar hydrogeologic
environments, the data was extrapolated. This was reflected in the confidence map
(Figure 4).
The most frequently occurring depth and trend for each spatial unit that contained
bores was determined. The frequency of occurrence for depth and trend was used in
preference to using an average figure as the average would be influenced by
extremes which may not be representative of the spatial unit.
Depth data were allocated to nationally agreed categories of: <2 m, 2-5 m, 5-10 m
and >10 m.  These data were used to undertake regional mapping of groundwater
depths.
Given the complexity of analysing time series data, only simple linear trend analysis
was used to determine trends. Bores were only considered to be rising or falling if the
overall trend change was greater than 3 cm/year. Trend analysis was undertaken for
hydrographs within each unit. This data was used to undertake regional mapping of
groundwater trends.
Methodology was being developed through the NLWRA-initiated Implementation
Project (Salt Scenarios 2020) to apply future rigour to time series hydrograph
analysis. The methodology looked at fitting linear trends to segments of hydrographs
to better describe groundwater trends. This approach is documented in Shao et al.
(1999). This methodology was unavailable for practical application within the
timeframe of this project.  The resulting data provided regional scale depth and trend
figures for each unit (see Figures 5 and 7).
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Groundwater quality was also examined. Data from bores in each system were
analysed to produce groundwater quality in terms of conductivity (mS/m) as shown in
Figure 6.
The data also yielded a bore distribution and location map (Figure 3). This was used
to determine data confidence. The number of bores and the length of groundwater
record available for each unit determined confidence.
2.1.3 Risk analysis
Risk of shallow watertable maps were constructed using groundwater depth and
trend data. The risk categories applied were:
Risk Water level
High: <2 m
2-5 m and rising
Moderate: <2 m and falling
2-5 m and flat or falling
5-10 m and rising
>10 m and rising
Low: 5-10 m and flat or falling
>10 m and flat
No risk: >10 m and falling
Risk of shallow watertables in year 2000 was based on both trend and depth
analyses.  Predicted groundwater depths for the years 2020 and 2050 were
determined by projecting trends at current rates of rise. An assumption is that land
use and rainfall do not change.
Risk has been allocated to entire units based on the most frequently occurring depth
and trend data for bores. Risk allocation is at a regional scale and not suitable for
extrapolation to the catchment or farm scale. It is acknowledged that within each unit
there will be variability that will change the risk at the local scale.
2.1.4 Current extent
To assist in the interpretation of the risk of shallow watertables in year 2000 the
current extent of salinity was investigated.
Mapping by NRAG has identified wet and waterlogged soils across the agricultural
areas of the State (Figure 8). A wet and waterlogged soil is defined as ‘soils
seasonally wet within 80 cm of the surface for a major part of the year’ (Schoknecht
1999). This group of soils includes salt lake soils, saline wet soils, wet, semi-wet and
tidal soils. Any soil that is wet for most of the year will be subject to evaporation and
concentration of salts in the near-surface section.  While not all soils in this group will
be saline, it was considered a reasonable estimate of the current extent of salinity.
Within each unit, the percentage area of wet and waterlogged soils is known. The
data was used to give an indication of what percentage of each unit could currently
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be subject to salinity. This was mapped to show spatially the current extent, and is
used to assist in the interpretation of the risk map generated for year 2000.
This data were collated as a GIS database enabling spatial analysis to be
undertaken.
2.2 Impact resulting from the risk analysis
The groundwater analysis was used to identify risks to infrastructure, water
resources, biodiversity and agricultural land if current groundwater trends continue.
Areas at risk were calculated for each spatial unit. Areas were also calculated for the
Australian Water Resources Council (AWRC) drainage basins.
Analysis was undertaken by attributing a level of risk to each soil-landscape system.
The length of road, rail, and stream, the area of vegetation, agriculture, wetlands,
recovery catchments, along with the number towns was calculated for each system.
Within each risk category, total areas, lengths or numbers were then calculated. For
example, the length of roads at high risk will equate to the total length of road
contained within systems at high risk.  Likewise, the total area of agricultural land at
high risk has been calculated by summing the area of agricultural land in each
system at high risk. The analysis is therefore broad and only suitable at a regional
level.
2.2.1 Infrastructure
Infrastructure was considered to include road, rail and major towns.  Most rail
networks were constructed in the lowest parts of the landscape with the least
gradient. Likewise many rural towns are located next to these rail networks. A study
by Main Roads Western Australia also found that the length of main roads affected
by salinity generally related to roads located in the lowest landscape positions. The
mapping units adopted broadly reflect landscape position.  Therefore the length of
each road and rail type in each unit was determined. This risk rating of the unit was
applied, and the length of road and rail in each risk category calculated.
These results were also compared to the outcomes of the Main Roads Report and
similar work undertaken by the SS2020 project. The risk of loss of infrastructure for
towns was allocated according to the system in which the town was located. Only
major towns were considered.
2.2.2 Water resources
Water resources were considered in terms of stream length and surface water quality
at stream monitoring sites. The length of stream line in each unit and risk category
was calculated and comment made.
The Water and Rivers Commission (WRC 1999) provided water quality data for
monitored streams. Monitoring sites were mapped and risk categories attributed.  An
assessment was made on monitoring sites with potable water (<500 mS/m).
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2.2.3 Biodiversity
The impact of shallow watertables and salinity on biodiversity is not easily illustrated.
However, a number of datasets were examined to indicate the likely impacts on flora
and fauna throughout the State. The datasets included areas of perennial vegetation
defined as remnant vegetation (including forests and woodlands) and plantations
(e.g. blue gum, pine and tagasaste). Perennial vegetation does not include
herbaceous perennials such as lucerne.  Other datasets included biodiversity and
threatened ecosystems currently being studied by the Department of Conservation
and Land Management (CALM), Natural Diversity Recovery Catchments and lists of
wetlands (Environment Australia 1999).
Perennial vegetation was mapped initially from satellite data interpretation and later
updated by interpretation of digital orthophotos. These data were analysed with risk
data to determine how much vegetation was at risk in each landscape system and
zone. Vegetation in systems with insufficient data was not considered.
Biodiversity is being investigated by CALM, which has been undertaking a biological
survey in agricultural areas as part of the Salinity Action Plan (1996), now revised as
the State Salinity Strategy (2000). The agricultural zones cover all, or significant parts
of six of the eight biogeographic zones recognised in temperate south-western
Australia (CALM 1999). Current outcomes of their work are reported. Similarly,
Threatened Ecosystems (TEC), as defined by English and Blyth (1999), are also
being examined by CALM. The risk to these was examined.
Natural Diversity Recovery Catchments are identified by the State Salinity Strategy
(2000) as catchments with biological significance. Three catchments have been
identified to date: Lakes Muir, Toolibin and Warden.  Risk analysis to determine the
area subject to shallow watertables was undertaken.
Environment Australia supplied a list of ‘Important wetlands’ (as defined by the
Australian Nature Conservation Agency 1996). Wetlands were identified that could be
subject to hydrologic change due to the development of shallow watertables.
2.2.4 Agriculture
Agricultural areas (19.7 million ha) were identified as those areas not occupied by
perennial vegetation. Areas were allocated to systems and total area of risk
calculated for each unit and timeframe. The current and future estimates of areas at
risk were based on projections of current trends, assuming no changes in land use or
rainfall.
The impact of changing land use was examined to determine if the potential area of
shallow watertables could be reduced. Regional workshops were held to assess
current land use and the most likely land use in 2020 after considering the capacity of
each soil type for change, prediction of increased salinity, current research direction,
extension programs, adoption and market factors. Land use for 2050 was not
predicted as this was considered too distant for sensible comment. Water balances
were determined from land use data and the likely impact of groundwater trends
considered. The outcomes from the water balance analysis have been published as
a technical report (McConnell 2000). The methodology is described in Appendix 1.
EXTENT AND IMPACTS OF DRYLAND SALINITY
15
3.0 DATASETS USED BY THE AUDIT
3.1 Spatial units
Agriculture WA’s Natural Resource Assessment Group (NRAG) has extensively
mapped the land resources according to a hierarchical system based on Isbell
(1996). This land system mapping was done to national guidelines (Australian
Collaborative Land Evaluation Program) and was used to provide the spatial ‘units’ to
allocate hydrological attributes such as depth to watertables, trends and to assign
risk categories.
The hierarchical structure is shown in Figure 1. Analysis for this report was mainly
carried out at the systems level and is reported to the Audit at the zone level.
Region: Australia-wide units compiled by CSIRO
Province: Units based on broad scale geology and regolith
Zone: Units based on geomorphic and geological criteria
System: Units based on landform patterns, soil parent material and soil
associations
Land system mapping is available at 1:250,000 for agricultural areas. A hierarchical
legend is used to describe soil-landscapes to account for different scales of
information and the varying complexity of landscape. This allows for reporting at
different scales using different levels of the mapping hierarchy. Minor land systems
were grouped where appropriate.
Land system information is stored in a GIS environment to allow spatial interrogation.
Common fields describing landform attributes are used within this database and the
AgBores database to facilitate integration. The final land systems and zones used
were defined in consultation with regional hydrologists with an understanding of
broad conceptual models of groundwater systems and rainfall zones to ensure that
boundaries reflect the hydrogeological processes occurring within each region.
Within the agricultural region of WA there are 30 zones (e.g. 245) with underlying
systems (e.g. 226_Sc, 245_Es).  Of the 308 systems in the Western region, 220 are
greater than 10,000 ha in size and represent 98.7% of the region (B Nicholas pers.
com.).  Figure 2 shows the zone level map for south-west areas. (A full list of zone
numbers, names and descriptions, and system details can be found in Appendices 2
and 3 respectively.)
3.2 Groundwater datasets
The AgBores database has been used in conjunction with soil-landscape system
mapping to provide a spatial bore analysis.  Figure 3 shows the bore distribution
across the soil-landscape zones.
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Soil-landscape mapping hierarchy
2 25
255
255CfSKu
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255Cf
Figure 1. Soil-landscape mapping hierarchy
There are 20 zones and 123 systems occupied by bores on the AgBores database.
Zones with bores represent 90% of the study area.  In a further two zones and 24
systems, data was extrapolated and has resulted in 95% of the study area being
covered.  Data were also allocated at a system level.  The density of bores is shown
in Table 1.  The length and reliability of the record will determine confidence levels.
The scale of reporting necessarily required some generalisations. Whilst systems are
mapped at between 1:50,000 and 1:100,000 scale, there is still significant variation
within a system, particularly with respect to landforms. Local system variability can be
significant.  In the eastern wheatbelt, landforms such as valley floors are broad and
dominate an entire system. However, in the coastal systems, topography becomes
more dissected and confined, so that some systems cover areas from hilltops to
valley floors. For example, this is evident in some of the coastal systems around
Albany. This has made allocation of broad depth, trend and risk categories difficult.
 Some systems contain only minimal or unreliable bore information and there is
insufficient knowledge to determine depth, trend or potential risk. If the system
occurred in areas either adjacent to systems with data and in similar hydrogeologic
environments, the data was extrapolated. This is reflected in the confidence map
(Figure 4). Areas with minimal data include the north-west of the agricultural area, the
central eastern wheatbelt between Merredin and Lake Grace and the south coast
around Ravensthorpe.
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Table 1. The number and density of bores within zones.
Zone Percentage of
agricultural areas
No. of
bores
Density
(ha/bore)
212 1.5 8 50,108
213 1.0 141 1,912
221 1.2 35 9,326
222 2.5 52 13,056
224 2.1 16 34,759
225 1.0 40 6469
226 0.6 29 5,407
241 1.8 263 1,822
242 3.5 276 3,371
243 2.0 182 2,961
245 3.9 294 3,556
246 7.0 91 20479
247 0.6 100 1,467
253 4.5 761 1,591
254 5.7 590 2,576
255 4.5 77 15,509
257 11.1 908 3,262
258 19.6 164 31,829
259 13.9 727 5,090
271 2.8 26 28,322
Total 90.8 4,780
In some areas of the agricultural region, remnant vegetation is a major component of
the system.  Remnant vegetation dominates land use along the Darling Scarp (Zone
255, Western Darling Range) where the majority of water resource catchments are
located. In Zone 255 in particular, this is important as groundwater depth, trend and
risk have been allocated from systems that are not fully vegetated.
3.3 Data confidence
The confidence map (Figure 4) indicates the reliability of the data presented.
Confidence ranges from low to very high and is based on the number of bores and
the length of time series data.
• Low confidence represents systems that contain no bores, but where data has
been extrapolated from similar systems
• Moderate confidence represents systems where there are some bores, but less
than 50
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• High confidence where there are greater than 50 bores, but less than half of the
bores have time series data longer than five years
Figure 2. Soil-landscape zones for south-western Australia.
• Very high confidence where there are greater than 50 bores and more than half of
the data has time series greater than five years.
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Figure 3. Groundwater monitoring sites used for the NLWRA.
3.4 Constraints and issues raised from chosen methodology
The following constraints and issues were identified during the project:
• Groundwater data is not evenly distributed through the State. Therefore while
90% of zones have some bore data, there are a significant ‘gaps’ in some areas,
particularly the northern and central-eastern areas.
• Due to the lack of data, some systems have no allocated trend or risk. In some
cases risk may have been allocated based on the experience of regional
hydrologists.
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Figure 4. Confidence in data used for the NLWRA Project.
• For reporting at National, State or regional scale there can be poor data
distribution both within and between catchments and regions. There may be bias
in the data as some bores will have been sited for specific purposes such as
looking at the response of certain treatments. However, getting the initial data
quality controls done by Agriculture WA hydrologists with good local knowledge
has reduced this bias.
• The scale of reporting necessarily required some generalisations to be made.
Whilst systems are mapped at between 1:50,000 and 1:100,000 scale, there is
still significant variation within a unit, particularly with respect to landforms.
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• For existing bores on databases there can be some uncertainty regarding well
construction. It may not be clear that recorded water levels represent the
watertable level or piezometric surface. Bore construction details and drill logs are
required to definitively assign the data to a watertable.
• Analysis of trend data has an average length of record of 5.5 years, with a
substantial skew to less than five years. Therefore some data may not represent
long-term trends.
• There can be temporal differences within the entire dataset. Length of record is a
significant determinant of the reliability of calculated watertable elevation trends.
In many areas there will be few records longer than ten years. Longer records
become crucial as rainfall decreases and watertable accessions become
increasingly episodic.
• Current status of salinity has been based on areas mapped as wet and
waterlogged, meaning the profile is saturated for longer than six months, (ie. it is
not purely a winter waterlogging situation). This does not necessarily imply that
the site is saline. However, due to high levels of salt stored in soil profiles, it is
highly likely that if these are not presently saline, they are at risk of becoming so.
• Estimates of hydrological risk for the years 2020 and 2050 have been based both
on linear extrapolation of measured rates of rise and hydrological opinion where
data are lacking.
• Determining trends in hydrograph data depends on the frequency of observation.
Automatically logged wells can show daily response. On a catchment and larger
scale, annual response can generally be determined from four observations at
three monthly intervals. This however would require between 10 and 20 years of
data to verify a robust trend in some highly responsive catchments.
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4.0 RESULTS
4.1 Extent of shallow groundwater
4.1.1 Groundwater depth
Groundwater levels in bores were analysed and a depth allocated to each system.
These were allocated to nationally agreed categories of: <2 m, 2-5 m, 5-10 m and
>10 m. The depth to watertable map is shown in Figure 5.
Broad generalisations can be made.  Most of the valley floor systems in the eastern
wheatbelt are clearly mapped as <2 m. This reflects the naturally occurring salt lake
chains through many systems, and some expansion of salinity in valley floors.
The eastern wheatbelt is covered by Zones 258 and 259 (Northern and Southern
Zones of Ancient Drainage) and predominantly by the Australian Water Resource
Council (AWRC), Avon Basin (Basin 615). In this region, depth to watertable is
primarily related to topography and water levels are deepest in the highest parts of
the landscape and are shallow in the lowest, such as valley floors.
This relationship is less obvious for the zones between the coast and the eastern
wheatbelt. Landscapes within these zones are more dissected and cover a greater
range of positions. Therefore the depth category is representative of the most
frequently occurring depth according to the available data and/or local hydrological
knowledge and experience.
The coastal zones are dominated by sedimentary formations and show wide variation
in groundwater depth.
Regional mapping of groundwater depth is shown in Figure 5.
4.1.2 Groundwater quality
Groundwater electrical conductivity indicates water quality.  The majority of the
agricultural areas of WA have groundwater of moderate to saline quality (conductivity
of 500 to 2500 mS/m). Water salinity increases in the broad wheatbelt valleys with
conductivities up to 5000 mS/m. The most saline water is found in areas north of
Esperance where groundwater conductivity has exceeded 5000 mS/m. In the Salmon
Gums System (246Sg) it was estimated at 5500 mS/m and in the Scaddan System
(246Sc) at 6000 mS/m.
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Figure 5. Groundwater depth for soil-landscape systems.
Some areas of the State, in particular the Northern Perth Basin (Arrowsmith Zone
224, Dandaragan 222 and Coastal 221) have potable water resources in regional
groundwater aquifers (WRC 1995). This was noted in Zone 221 where groundwater
quality is generally fresh. There is limited information regarding the superficial
aquifers in this region. The WRC has only reported information relevant to salinity for
the coastal corridor, west of the Brand Highway (Water Authority of Western Australia
1995). Further data are required from this region to assess salinity risk.
Fresh water was also recorded for the Scott River Plain System, (252Sr) and coastal
areas between the Scott River and Albany. Regional mapping of groundwater quality
is shown in Figure 6.
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4.1.3 Groundwater trend
Groundwater is dominated by rising or stable trends (Figure 7).  No systems have
significant falling trends.  Rising trends occur over the majority of agricultural areas
with only a few exceptions.  Rates of rise are highly variable and have not been
presented but range from less than 5 cm/year to greater than 50 cm/year.
Areas with ‘No trend’ have watertables that have reached the near surface, oscillate
on a seasonal basis, or deeper watertables that show no trend.  No trend was
recorded for several zones — in particular 255 (Western Darling Zone) where the
major land use is forest; some coastal systems; and for an area north-east of
Esperance.
Where seasonal fluctuations occur in deeper systems and there is no long-term trend
the area may have reached a local equilibrium.
Regional mapping of groundwater trends is shown in Figure 7.
4.1.4 Current extent based on wet and waterlogged soils
Wet and waterlogged soils have been mapped by NRAG. Within each system, the
percentage area of wet and waterlogged soils is known. The data were used to give
an indication of what percentage of each system could currently be subject to salinity
(Figure 8 and accompanying map sheet titled ‘Current extent of wet and waterlogged
soils for soil-landscape systems’).
The map based on wet and waterlogged soils shows that the major drainage lines
have a high component of wet and waterlogged soils (>75%). This should be
expected as they are naturally occurring major salt lake drainage lines. Large areas
of the wheatbelt currently have about 10% wet soils, and are therefore potentially
saline.
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Figure 6. Groundwater conductivity for soil-landscape systems.
4.1.5 Risk of shallow watertables
4.1.5.1. Risk for soil-landscape zones and systems
Risk of shallow watertables in years 2000, 2020 and 2050 are shown in Figures 9, 10
and 11, and in accompanying maps supplied in digital form. Figure 9 shows a spatial
representation of both depth and trend of groundwater at year 2000 within broad
regional systems. Trend data were then used to predict future watertable depths and
to allocate a risk rating in 2020 and 2050. The future risk of shallow watertable is
based on depth to groundwater. Predicted groundwater depths for the years 2020
and 2050 were determined by projecting trends at current rates of rise.  An
assumption is that land use and rainfall do not change.
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Figure 7. Groundwater trend for soil-landscape systems.
Rainfall analysis by the Bureau of Meteorology, Western Australia, has shown that
over much of the agricultural regions total winter rainfall (May-October) has
decreased, while trends over the warmer months show a smaller increase. Annual
totals have generally been declining between 5 and 30 mm per decade over the
agricultural regions between Geraldton and Albany in the 1910 to 1997 period
(Bureau of Meteorology 2000).
Rainfall analysis suggests that the gradient of the rising groundwater trend
represents the minimum gradient expected based on rainfall alone and disregarding
any change in land use.  Should the average rainfall increase, the gradient might also
increase and accelerate the impacts of salinity.
Risk has been allocated to entire systems based on the most frequently occurring
depth and trend time series data for bores.  In each system there will be variability
that will change the risk at the local scale.
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Figure 8. Current extent of wet and waterlogged soils for soil-landscape systems.
The current extent map gives some indication of the proportion of each system at risk
in 2000. However there are no estimates of the actual extent predicted for 2020 and
2050 beyond the system scale.
In 2000 the risk is predominantly in the eastern wheatbelt valley floors and adjacent
areas (Zones 258 and 259, the Northern and Southern Zones of Ancient Drainage
respectively).  Eastern sections of the northern wheatbelt also exhibit high risk.
There are some coastal areas at high risk around Bunbury and the southern system
of Zone 252 (Donnybrook Sunkland) and within system 252Sr (Scott River). The
latter has shallow watertables and is therefore categorised as high risk however
groundwaters are relatively fresh (200 mS/m) in this region.
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Figure 9. Risk of shallow groundwater for agricultural areas in year 2000.
Most areas at low risk are adjacent to the coast in the Northern Perth Basin (Zone
221) in coastal systems around Albany (242Bb Bremer, 242Kg King, 242Me Meerup
and 254Wh Walpole Hills) and on the south-western edge of the Leeuwin Zone 251.
Further inland, low risk areas include the Donnybrook Sunkland Zone (252), the
Stirling Ranges (241St) and at Salmon Gums north of Esperance (246Sg).  Low risk
areas are related to deep watertables and/or watertables with no rising trend.
The remaining areas of the State have been classified as having moderate risk
(excluding those areas with insufficient data). There will be local variability in the
extent and impacts of shallow groundwater in these regions.
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Figure 10. Predicted risk of shallow groundwater for agricultural areas in year 2020.
In total, approximately 16% of the south-west of WA has potential for salinity in 2000
due to shallow watertables. Of the area at risk, 81% is occupied by agricultural land
and the remainder by perennial vegetation.
The changes in areas at risk in 2020 are reasonably subtle in the eastern wheatbelt
(Zones 258 and 259) where high risk areas expand from the valley floors to
secondary tributaries and lower slopes. Other soil-landscape systems and zones that
move into a high risk category occur in the higher rainfall such as the Zone of
Rejuvenated Drainage (Zone 275) and areas west and north-east of Esperance.
In total, approximately 20% of the south-west of WA has the potential for salinity in
2020 due to shallow watertables. Of the area at risk, 80% is occupied by agricultural
land and the remainder by perennial vegetation.
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Figure 11. Predicted risk of shallow groundwater for agricultural areas in year 2050.
In 2050 high risk has expanded in the eastern wheatbelt to include all valleys and
lower slopes. In these zones (258 and 259) this will represent approximately 30% of
the landscape.
High risk is also apparent in the majority of zones located east of the Darling Scarp
(Zones 253, 254, 257, 258, 259 and 271). An exception is the vegetated Zone 255
(Western Darling Range) which has a moderate risk. Risk has also substantially
increased in the region around Esperance and west of Albany.
Approximately 33% of the agricultural areas has potential for salinity in 2050 due to
shallow watertables (Table 2). Of the area at risk, 73% is occupied by agricultural
land.
Zones 223, 231, 232, 233, 261 and 271 had insufficient data to allocate risk. These
zones represent less than 5% of the total area.
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Table 2.  Allocated high risk of shallow watertables and potential for salinity for
soil-landscape zones.
PercentageZone Zone
2000 2020 2050
Percentage
of zone
allocated
data
Percentage
of
agricultural
areas
211 Coastal Dune 0 0 0 98 1.57
212 Bassendean 0 0 1 100 1.50
213 Pinjarra 1 1 1 99 1.01
221 Coastal Zone 0 0 0 70 1.22
222 Dandaragan Plateau 1 1 1 25 2.55
223* Victoria Plateau 0 2.55
224 Arrowsmith 0 0 0 2 2.09
225 Chapman 0 0 0 75 0.97
226 Lockier 0 0 0 36 0.59
231* Coastal Zone 0 0.14
232* Transitional Zone 0 0.17
233* Inland Zone 0 0.27
241 Stirling Range 0 0 1 85 1.80
242 Albany Sandplain 0 0 0 93 3.49
243 Jerramungup Plain 2 2 2 97 2.02
244 Ravensthorpe 0 0 0 100 1.23
245 Esperance Sandplain 0 1 3 77 3.92
246 Salmon Gums-Mallee 0 1 1 88 6.99
247 Boorokup Lakes 0 0 0 71 0.55
251 Leeuwin 0 0 0 73 0.37
252 Donnybrook Sunkland 0 0 0 85 1.75
253 Eastern Darling Range 0 1 4 95 4.54
254 Warren-Denmark Southland 0 0 2 74 5.70
255 Western Darling Range 0 0 0 85 4.48
257 Zone of Rejuvenated Drainage 1 2 4 67 11.11
258 Northern Zone of Ancient
Drainage
5 5 6 90 19.58
259 Southern Zone of Ancient
Drainage
3 3 4 82 13.88
261* Southern Cross 0 0.90
271 Irwin River 1 1 1 51 2.76
272* Greenough River 0 0.29
Totals 16% 20% 33%
Note: Risk is allocated as a percentage of the entire agricultural region of south-Western Australia.
Full risk data can be found in Appendices 4 & 5.
4.1.5.2  Risk for Australian Water Resources Council drainage basins
Risk was also assigned to the Australian Water Resources Council drainage basins
(Figure 12). Risk by percentage (based on area) in each basin is shown in Appendix
6 and the percentages at high risk of shallow watertables are shown in Table 3.
Some boundaries extend beyond the agricultural areas and have not been assessed.
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Figure 12. AWRC basins in agricultural areas of Western Australia.
The largest drainage basin, Avon (No. 615), covers most of the wheatbelt and
currently has approximately 16% of its area at high risk.  This increases to 18% by
2020 and 21% by 2050.  This contrasts with the Blackwood Basin (609) where the
area of high risk increases from 16% in 2000 to an estimated 45% by 2050.
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Table 3. Percentage of AWRC basins at high risk of shallow watertables.
(Based on total basin area and not just the area covered by system data)
High riskAWRC
Basin No.
Basin Percentage
covered by
system data 2000 2020 2050
602 Albany Coast 100 25 28 50
615 Avon River 71 16 18 21
609 Blackwood River 100 16 20 45
612 Collie River 99 7 7 9
603 Denmark Coast 99 7 7 71
608 Donnelly River 99 8 8 16
601 Esperance Coast 98 9 20 36
610 Preston River 99 8 8 12
605 Frankland River 100 3 3 58
701 Greenough River 73 6 6 7
613 Harvey River 96 25 25 39
604 Kent River 99 6 6 72
617 Moore-Hill Rivers 100 15 17 28
702 Murchison River 3 0 0 0
614 Murray River 100 9 9 40
619 Ninghan 14 6 6 6
611 Busselton Coast 99 20 20 24
024 Salt Lake Basin 3 0 0 1
606 Shannon River 97 18 18 19
616 Swan Coastal 99 8 8 46
607 Warren River 100 7 7 25
618 Yarra-Yarra 23 9 9 9
4.2 Impacts of shallow groundwater
The groundwater analysis was used to identify risks to infrastructure, water
resources, biodiversity and agricultural land, if current groundwater trends continue.
4.2.1 Biophysical Impacts
4.2.1.1  Infrastructure
Infrastructure was examined in terms of roads (highways, primary, secondary and
minor roads), rail and major towns. The length (in kilometres) of each rail and road
type was measured in each system, a risk allocated and then total lengths for each
risk category determined. Total figures for each category are presented in
Appendix 7. The total figures for the high risk category are shown in Table 4.
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These values were compared with other studies. Main Roads Western Australia
(McRobert et al. 1997) estimated that in 1997, 500 km of main roads were affected
by salinity and that this was likely to double over the next 20 years.
A second study, by the SS2020 implementation project, was also reviewed.  This
project looked at the length of road networks affected by salinity in the 2.3 million
hectares mapped by Land Monitor (an NHT and WA State Government project to
map and monitor the extent of salinity through satellite imagery). Land Monitor found
a total length of 3,333 km of road at risk from salinity. If the area is scaled up to cover
the entire south-west (an area of 26.6 million hectares) the figures are comparable
and of the same magnitude.
Table 4.  Road and rail at high risk of shallow watertables and potential salinity
for 2000, 2020 and 2050.
Infrastructure 2000 2020 2050 Total km in
south-west
Distance in km
Highways 721 841 1,506 3,565
Primary roads 680 746 1,166 3,646
Secondary roads 1,196 1,427 2,326 6,158
Minor roads 11,552 13,852 22,936 67,522
Rail 1,359 1,488 2,182 5,695
Road types are designated according to the body controlling maintenance. National
highways and primary roads are serviced by Main Roads Western Australia,
secondary and minor roads are maintained by local government.
The risk of loss of infrastructure for towns was allocated according to the system in
which the town was located. Many rural towns are located near or within close
proximity to rail lines.  Most rail lines are located in low parts of the landscape. It is
therefore likely that a high proportion of rural towns will be subject to salinity.
Only major towns were considered. The full list of towns and allocated risk can be
found in Appendix 8. Table 5 lists towns that are currently being investigated for
groundwater and salinity issues as part of the Rural Towns Program funded by the
WA State Salinity Strategy.  These towns were all nominated as high risk by this
Audit.
4.2.1.2  Water resources
The risk to water resources was considered in terms of the length of major streams
(mapped at 1:250,000) in each system.  Risk was attributed and total lengths in each
risk category summed for each zone. The data showed the biggest increases in
stream length likely to be affected by shallow watertables occurred for Zones 212,
241, 242, 252, 253 and 257. In all of these zones the stream length at high risk
doubled between 2000 and 2050. (Full figures can be found in Appendix 9.)
The Water and Rivers Commission (WRC 1999) provided water quality data for
monitored streams. Monitoring sites were mapped and risk values attributed.
Monitoring sites which had non potable water resources (water quality >500 mS/m),
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were not considered. An assessment was made on those sites with potable water
(<500 mS/m) as increasing salinity could degrade potential water resources.
Table 5. Towns with shallow watertable and therefore high risk by 2050.
RiskTown
2000 2020 2050
Rural Towns
Program
Harvey H H H
Three Springs M M H
Gnowangerup M M H
Jerramungup H H H
Cranbrook H H H *
Boyup Brook H H H
Darkan M H H
Boddington M M H
Walpole H H H
Mt. Barker M M H
Northam M M H
Moora H H H *
Katanning M M H *
Brookton H H H *
Carnamah H H H *
Coorow H H H
Calingiri M H H
Wagin H H H *
Williams H H H
Beacon H H H *
Kellerberrin H H H *
Koorda H H H *
Merredin H H H *
Mukinbudin H H H *
Narembeen H H H *
Kondinin H H H
Perenjori H H H *
Western Australian State Salinity Strategy. H = High risk, M = Moderate risk.
* denotes towns being investigated for groundwater and salinity under the Rural Towns Program.
While the majority of wheatbelt streams/rivers do not contain potable water, there are
fresh waterways in high rainfall and coastal regions.
A total of 83 stream monitoring sites were identified of which 44 had potable water.
Of these, 16 were located in systems with insufficient data to allocate risk. For the
remaining 28, only four were in a high risk category in 2000. In 2050, eight were
located within high risk systems (Table 6). The most significant of these waterways in
the high risk category are the Denmark River (AWRC Basin 603), Preston River
(611), Harvey River (613) and Ellen Brook 616). These basins were all larger than
500 km2.
The data show that shallow watertables are not always associated with salinity. The
Preston River and Ellen Brook are examples where the allocated risk is high, i.e.
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these areas have shallow watertables in year 2000, but have high quality surface
water.
Table 6. Risk of shallow watertables in systems occupied by surface water
monitoring stations.
Risk
Basin Station Name EC
(mS/m) 2000 2020 2050
603 603136 Denmark River, Mt Lindesay 130 M M H
607 607220 Warren River, Barker Rd Crossing 170 M M M
608 608151 Donnelly River, Strickland 41 M M M
611 611004 Preston River, Preston Bridge 58 H H H
611 611111 Thomson Brook, Woodperry
Homestead
56 M M M
612 612014 Bingham River, Palmer 55 M M M
612 612022 Brunswick River, Sandalwood 29 M M M
612 612006 Collie River, Mt Lennard 185 M M M
613 613052 Harvey River, Clifton Park 53 M M H
616 616189 Ellen Brook, Railway Parade 105 H H H
Source: WRC (1999).
Water Resource Recovery Catchments are catchments specified for additional
research and management to address salinity impacting on a water resource. The
Collie, Helena, Kent and Warren catchments have been nominated. Currently the
Warren is the only catchment with any areas falling into the high risk category. In the
Warren this is a relatively small area (7%).  All resource catchments except Collie
have potential for extensive areas at risk of shallow watertables by 2050 (Table 7).
Details can be found in Appendix 10.
The impact of shallow watertables and salinity on biodiversity is not easily illustrated.
However, a number of datasets were examined to give an indication of the likely
impacts on flora and fauna throughout the State. The datasets used include areas of
perennial vegetation, lists of wetlands (Environment Australia 1999) and threatened
ecosystems and biodiversity work currently being undertaken by the Department of
Conservation and Land Management (CALM).
Table 7.  Areas of Water Resource Recovery Catchments at high risk of shallow
watertables.
Area at risk (ha)
Catchment Area (ha)
2000 2020 2050
% coverage of
catchment
Collie 278,550 0 0 3 0 431 0 100
Helena 147,780 0 0 0 0 122,535 83 83
Kent 240,517 0 0 0 0 144,025 60 61
Warren 413,293 29,110 7 29,110 7 108,213 26 72
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4.2.1.3  Biodiversity
4.2.1.3.1  Impacts on perennial vegetation
Perennial vegetation was mapped initially from satellite data interpretation and later
updated by interpretation of digital orthophotos. These data were analysed with the
risk data to determine how much vegetation was at risk in each landscape system
and zone. Totals are presented in Table 8. Vegetation in systems with insufficient
data was not accounted for.  Total figures in Appendix 11 show that in 2000, nearly
600,000 hectares of perennial vegetation was potentially at risk and that by 2050 this
would increase to over 1.8 million hectares. There were no compiled data to indicate
the likely impact on particular species. Perennial vegetation includes both remnant
and planted vegetation.
4.2.1.3.2  Impact on flora and fauna
CALM has been undertaking a biological survey of the agricultural areas as part of
the Salinity Action Plan (1996), now revised as the State Salinity Strategy (2000).
The agricultural zones cover all, or significant parts of, six of the eight biogeographic
zones recognised in temperate south-western Australia, (CALM 1999). The current
outcomes summarised from the CALM report for flora include:
• An estimated vascular plant flora of some 4000 species of which over 60% are
endemic to the agricultural area.
• 850 of these species are found only in fresh or naturally saline lowlands directly
threatened by rising groundwater and salinity.
• Of the 4000 species, 1500 occur low in the landscape, in riverine valleys,
freshwater or primary saline lands. Of these taxa, 450 are endemic to the
agricultural zone and are in danger of extinction as a consequence of rising saline
groundwaters.
• Areas affected by secondary salinisation show major declines in vascular plant
biodiversity.
• Fauna studies have found a significant decline in the biodiversity of terrestrial
animals. Quadrants in areas affected by secondary salinity averaged 30% fewer
species than non-salinised quadrants (Table 9).
A 50% reduction in the number of waterbirds using wheatbelt wetlands due to the
saline-induced death of shrubs and trees was reported. Species richness also
declines with salinity.
Threatened Ecosystems (TEC), as defined by English and Blyth (1999), are also
being examined by CALM. The work to date has identified 14 occurrences of TECs in
the south-western region (Table 10). Not all systems where TECs have been
identified, have sufficient data to determine risk.  For some systems, (e.g. 257Bv)
shallow groundwater may be an imminent threat to these communities. Factors other
than shallow groundwater and salinity may be impacting some TECs.
EXTENT AND IMPACT OF DRYLAND SALINITY
38
Table 8. Percentage of soil-landscape zone occupied by perennial vegetation,
at risk of shallow watertables.
High riskZone
2000 2020 2050
211 2 2 2
212 0 0 50
213 8 8 8
221 0 0 0
222 7 7 7
226 0 0 2
241 2 2 7
242 0 2 3
243 28 31 31
245 6 9 15
246 0 1 1
247 16 16 16
251 0 0 2
252 7 7 21
253 2 3 37
254 0 0 18
255 0 0 0
257 1 1 3
258 1 1 1
259 3 3 4
271 4 4 4
Table 9. Average ratio of arachnid and vertebrate species for quadrants
in non-saline, primary and secondary saline areas.
Quadrant status Average ratio of species per quadrant
(standard deviation in brackets)
Non-saline 2.3 (1.3) 2.8 (0.8)
Primary salinity 1.0 (0.8) 1.0 (0.2)
Secondary salinity 1.3 (0.7) 1.9 (1.0)
Source: CALM (1999)
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Table 10. Threatened ecosystems and risk of shallow watertables.
System TEC Number of
occurrences
2000 2020 2050
221Ea VU 1
221Ga CR 1 L L L
224Ir PD 1 M M H
241St CR 1 L L L
257Bv EN 1 H H H
257Wg LR 1
258Kb CR 1 H H H
259Co CR 1 M M M
259Sh CR 1 M M H
271Ko VU 1
271Mw VU 2
271Ng PD 1 H H H
CR = Critically endangered, EN = Endangered, VU = Vulnerable, PD = Presumed destroyed,
LR = Low risk L = Low risk, M = Moderate risk, H = High risk
Source: CALM (Hamilton-Brown pers. comm.)
4.2.1.3.3  Natural Diversity Recovery Catchments
Natural Diversity Recovery Catchments are catchments identified by the State
Salinity Strategy (2000) as catchments with biological significance. Three catchments
have been identified to date: Lakes Muir, Toolibin and Warden. Regional risk analysis
has shown that Lake Muir has the worst prognosis with approximately 58% of the
catchment area currently impacted by shallow watertables, increasing to 83% by
2050 (Table 11).
Table 11. Areas of Recovery Catchments at high risk of shallow watertables.
Area at riskCatchment Area
(ha)
2000 2020 2050
Lake Muir 59,700 34,458 58% 34,458 58% 49,824 83%
Lake Toolibin 48,661 9,058 19% 9,058 19% 9,058 19%
Lake Warden 191,442 0 0% 0 0% 95,106 50%
4.3.1.3.4  Impact on wetlands
Environment Australia supplied a list of Important wetlands (as defined by the
Australian Nature Conservation Agency, 1996). Wetlands were identified that could
be subject to hydrologic change due to the development of shallow watertables. Of
the 54 wetlands located within the agricultural areas of Western Australia, 47 were
fully or partially located in systems that could be allocated a risk category. The final
analysis used 35 wetlands with data that covered more than 75% of the wetlands
total area.
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The full details for these wetlands are shown in Appendix 12. The wetlands at high
risk vary in size from less than one hectare to thousands of hectares.
Both Lakes Muir and Toolbin were allocated high risk. The surrounding catchments
have been nominated as Recovery Catchments in WA (Salinity Action Plan 1996).
While many wetlands currently have or will have a high watertable, their dynamics
are likely to be impacted by increasing inundation and salinity.  CALM (1999)
documented that the death of many trees and shrubs in wheatbelt wetlands due to
salinity has caused a 50% decrease in the number of water bird species using those
wetlands. The data show that there are many important wetlands at high risk which
are currently not receiving a similar level of investigation and management as the
Recovery Catchments.
4.2.1.4  Agriculture
Agricultural areas were identified as those areas not occupied by perennial
vegetation.  Areas were allocated to systems and total area of risk for each zone
determined.  Areas at high risk are shown in Table 12 (a full dataset can be found in
Appendix 13). The data show that shallow watertables currently underlie 3.5 million
hectares of agricultural land. These areas have the potential to be saline.  It is
predicted that this area in WA could expand to 6.5 million hectares by 2050. This
figure is similar to those proposed by Ferdowsian et al. (1996) who estimated the
potential extent of salinity in cleared land as 6.1 million hectares.
The current and future estimates of areas at risk were based on projections of current
trends, assuming no changes in land use or rainfall. The impact of changing land use
was examined to determine if the potential area in 2050 could be reduced.
Regional workshops were held to assess current land use and the most likely land
use in 2020 after considering of the capacity of each soil type for change, prediction
of increased salinity, current research direction, extension programs, adoption and
market factors. Land use for 2050 was not predicted as this was considered too far in
the future for sensible comment. The outcomes from the water balance analysis have
been published as a technical report (McConnell 2000). The methodology is
described in Appendix 1.
The major land use groups used are shown in Table 12. These were broad groups
that represented land uses of a similar type and water use, e.g. annual crop broadly
represented wheat, barley, oats, lupins, grain legumes etc.
Land use data were collated at soil-landscape zone level. Water balances were
calculated for each land use and recharge determined. These were used to compare
the percentage difference in recharge between current and proposed land use.
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Table 12. Land use categories and equivalent Western Australian Land Use
Codes (WASLUC).
Land use description WASLUC Code
Crop - annual 8118
Crop - irrigated 8118
Crop - summer E.g. 811930
Pasture - annual 81162
Pasture - perennial 81165
Pasture - irrigated annual 81162
Pasture - irrigated perennial 81165
Trees - remnant vegetation 911
Trees - commercial 831
Trees – non-commercial 92#
Trees - alleys
Fodder - alleys
Fodder - perennial shrub (non-saline)
Fodder - perennial saline
Horticulture (vines, trees etc) 8169
Fallow
Lakes - free water
Urban
Rural 8119
# Forest areas – non-commercial
The data have shown that predicted land use change will have a variable impact on
recharge, and is not guaranteed to reduce recharge. Despite our knowledge of the
need to adopt land uses that reduce recharge in order to control salinity, the most
realistic land uses predicted for 2020 might actually increase recharge in some
cases. For example, in Zone 271 (Irwin River), the predicted land use resulted in
increases to recharge by 17% while in Zone 224 (Arrowsmith) a reduction of 43%
was predicted.
Figure 13 shows that only minor increases in perennials (herbaceous or woody) are
predicted for Zone 271. Increased area of fallow is also predicted on the Deep sands.
This soil is likely to have the highest volumes of recharge. Current land use (primarily
poor annual pastures) has resulted in soil loss due to wind erosion and has increased
recharge. It was predicted that conditions would decline given current land
management. A combination of high recharge soils and lack of vegetative cover is
contributing to the increases in recharge for the water balance in 2020.
In contrast, Zone 224 shows increases in the area of perennials in all major soil
groups, particularly in the form of perennial pastures.  On the Deep sands more
commercial and non-commercial woody perennials are anticipated. As most
contributions to recharge were found to occur on the sandy soils, this increase in
perennials resulted in the greatest overall reduction in modelled amounts of recharge
for any of the zones.
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Landuse allocation for Deep sands in the Irwin River Zone (271)
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Landuse allocation for Deep sands in the Arrowsmith Zone (224)
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Figure 13. Land use on Deep sands in Irwin River (271) and Arrowsmith Zone (224).
The results in Figure 13 indicate that predicted land use sufficiently reduced recharge
to delay the onset of salinity in only three zones (224, 246 and 247).  The reduction in
recharge was not sufficient in any of these zones to reduce the eventual extent of
salinity.
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Table 13.  Agricultural land at risk.
High risk (ha)Zone
2000 2020 2050
Percentage
of zone allocated
data
Percentage of south-
west agricultural areas
211 11,929 11,929 11,929 98 1.57
212 0 0 187,368 100 1.50
213 212,779 212,779 212,779 99 1.01
221 0 0 0 70 1.22
222 125,802 125,802 125,802 25 2.55
223 0 0 0 0 2.55
224 0 0 9,763 2 2.09
225 0 0 0 75 0.97
226 32,641 32,641 54,421 36 0.59
231* 0 0.14
232* 0 0.17
233* 0 0.27
241 26,411 31,567 260,333 85 1.80
242 0 60,315 100,834 93 3.49
243 314,228 353,385 353,385 97 2.02
244 0 0 0 100 1.23
245 65,140 246,571 603,961 77 3.92
246 0 7,110 7,110 88 6.99
247 16,640 16,640 16,640 71 0.55
251 0 0 1,867 73 0.37
252 22,372 22,372 33,235 85 1.75
253 73,928 151,182 636,056 95 4.54
254 0 0 247,118 74 5.70
255 0 0 0 85 4.48
257 359,996 618,532 974,259 67 11.11
258 1,321,296 1,321,296 1,361,028 90 19.58
259 635,446 635,446 958,088 82 13.88
261* 0 0.90
271 334,127 334,127 334,127 51 2.76
272* 0 0.29
Total area 3,552,735 4,181,694 6,490,103
% of cleared
agricultural land
18 21 33
* Insufficient data.
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Figure 14. Comparison of the difference in recharge between current and proposed
future land use.
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4.2.2 Economic impacts
As part of the audit, a broad economic analysis was undertaken after identifying the
impacts of shallow groundwater on infrastructure, biodiversity and agriculture. The
indicative estimates of the costs of salinity on and off-farm in Western Australia were
prepared by Allan Herbert, Economics Group, Agriculture Western Australia.
Details and comments on the methodologies used and range testing appear in
Appendix 14.  Results were obtained for three impact topics (infrastructure,
biodiversity and agriculture) for three time periods – years 2000, 2020 and 2050.  No
attempt was made to quantify water resources in dollar terms or to cost solutions to
the problem in a benefit:cost context.
4.2.2.1  Infrastructure
A draft consultant’s report (Dames and Moore – URS, June 2000) on the cost of
salinity for the town of Merredin provided the base assumptions for both whole towns
and individual components of infrastructure costs. The town was ‘zoned’ according to
land use (e.g. residential, commercial, industrial, vacant land, recreation, civic
buildings, roads, railways, etc) and individual repair/maintenance costs attached to
each – according to when watertables reached within 1.5 and 0.5 m of the surface.
Current and predicted watertable profiles were applied across the townsite such that
repair and maintenance costs and asset write-offs were progressively brought into a
cost flow budget at designated times.
 (a) Rural towns
The total cost of salinity for Merredin (high risk category) was used to scale off all
other towns in zones with a high or medium risk – based on respective populations.
Changes in town risk profiles between year 2000, 2020, and 2050 allowed calculation
of the extra costs over the 20 and 50 year periods. Medium risk towns were assumed
to attract 25% of the costs of high risk towns – after scaling for population.
• Current year
The present value of costs for 60 affected towns under the year 2000 risk profile
was estimated as near $68M. This is today’s value of the sum of all future
expected costs of repair and maintenance and asset write-off over a 50 year
period.
• After 20 years
The present value of costs for each of the years 2000 and 2020 risk profiles were
converted to an annuity as an estimate of what each town would need to spend
each year to combat rising watertables/salinity. The difference in annual cost
flows provides an estimate of the extra costs with progression of the salinity
problem. Over the first 20 year period, the total additional cost is $0.8M. This is a
relatively small increment reflecting the relatively small increase in risk for the first
20 year period. The implication is that timing of implementation of major control
works is not critical. Dealing with the current problem is important but there is
time to properly plan control strategies to address the more major increases in
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salinity risk in the following 30 years. (This is a sweeping generalisation and not
necessarily the case for individual towns.)
• After 50 years
The present value of costs for year 2050 risk profile was also converted to an
annuity for comparison with the year 2000 profile. There is greatly increased
impact on rural towns in the 20 to 50 year period and the total additional cost (i.e.
over and above the current impact) is estimated at $22.5M.  This is a large
increase over the $0.8M estimated for the first 20 years and reflects the greatly
increased risk in the 30 years after year 2020.  Control strategies designed for
the year 2020 situation will be inadequate and need to have increased capacity
to address the increasing watertable rises in the subsequent period –
notwithstanding that earlier intervention might slow the process.
(b) Roads
An approximate annual cost of repair per kilometre was calculated for each type of
road and risk profile. Comparison of normal maintenance cost with the increased cost
gave an estimate of the extra costs due to watertables/salinity. Length of road
affected at the three time periods was used to frame a series of cost flows over the
20 and 50 year periods of analysis. Costs for road repair and maintenance within
towns are already captured in the total rural towns costs above.
• Current year
The annual cost in year 2000 of extra repairs due to watertables/salinity is
estimated as $505M. That is, annual road expenditure is $505M more than it
would be if no roads were affected. This appears to be an excessively large
number and is probably caused by the difficulty in discerning between ‘normal’
costs and costs associated with watertable impacts – and the large difference in
estimated repair costs between the two situations.
• After 20 years
Rising watertables will increase the lengths of roads affected with a total extra
repair cost of $91M. This is today’s value of the sum of all future extra costs of
repair and maintenance over a 20 year period.
• After 50 years
Today’s value of the sum of all future extra costs of repair and maintenance over
a 50 year period is estimated at around $288M. The large increase over the
$91M for the first 20 year period is not only because an additional 30 years of
costs has been brought to account. There is also greatly increased lengths of
roads affected in this latter period.
 (c) Railways
An approximate annual cost of repair per kilometre was calculated for railways and
for each risk profile.  Comparison of normal maintenance cost with the increased cost
gave an estimate of the extra costs due to watertables/salinity. Lengths of railway
affected at the three time periods was used to frame a series of cost flows over the
20 and 50 year periods of analysis.
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• Current year
The annual cost in year 2000 of extra repairs due to watertables/salinity is
estimated as $11M.  That is, annual railway expenditure is $11M more than it
would be if railways were not affected. As for roads, this appears to be an
excessively large number and is probably caused by the difficulty in discerning
between ‘normal’ costs and costs associated with watertable impacts – and the
large difference in estimated repair costs between the two situations.
• After 20 years
Rising watertables will increase the lengths of railway affected with a total extra
repair cost of near $2M. This is today’s value of the sum of all future extra costs
of repair and maintenance over a 20 year period.
• After 50 years
Today’s value of the sum of all future extra costs of repair and maintenance over
a 50 year period is estimated at around $7M.
Both the 20 and 50 year additional costs are relatively small compared to other
infrastructure components. While the assumed repair/maintenance cost differences
need more detailed investigation, it also reflects the low density of railway lines in
rural areas compared with roads.
4.2.2.2  Biodiversity of vegetation
A ‘protection’ cost based on the capital and operating costs of a pumping strategy
was allocated as a proxy value to a hectare of vegetation. While the capital costs
were held constant, differential operating costs were applied for each risk profile.
Conversion to an annuity provided an estimate of the annual cost of protection and
allowed a series of cost flows to be constructed. The present values of these cost
flows then provided a basis for estimating the $ impact of increasingly affected areas.
All vegetation in the same risk category was therefore valued equally – ‘medium risk’
value was $126/ha/yr and ‘high risk’ value was $209/ha/yr. There was no
consideration of differential biodiversity, habitat, or rare/endangered species values.
The same pumping strategy proxy value was used throughout regardless of
landform, geological structure, soil types, etc.
The following results are based on 10% of the affected areas being protected.
• Current year
The annual cost of protection of 10% of the year 2000 affected areas is estimated
as $63M.
• After 20 years
If 10% of the increased areas affected in year 2020 are protected, the annual
cost is estimated as $64M.
• After 50 years
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If 10% of the increased areas affected in year 2050 are protected, the annual
cost is estimated as $78M. The total sum (present value, 7%) of the extra costs
of protection over the 50 years is estimated as $15M.
4.2.2.3  Agriculture
An annual ‘operating profit’ was assigned to each hectare of farmed land.  The
values differed between zones but were assumed to be an average across all
hectares within zones. High and medium risk land was scaled off against an
unaffected land operating profit. The annual operating profits chosen for each zone
were derived from farm business client data bases prepared recently by a bank and
private consultants.
The 2000, 2020, and 2050 predictions for salinity impacts were then used to
calculate total operating profit for each zone. Year 2000 without salinity was used as
a base case for comparison to calculate the additional costs of salinity in subsequent
years in terms of ‘lost’ operating profit.
• Current year
The opportunity cost of lost operating profit in year 2000 due to
watertables/salinity is estimated as $80M. That is, if all the currently affected land
was still able to produce normal income, farmers would have an extra $80M
operating profit available to spend elsewhere in year 2000.
• After 20 years
To year 2020, rising watertables/salinity will cause progressive losses in
operating profit each year. The sum (present value, 7%) of these extra losses
(i.e. over and above the current impact) is estimated at around $19M.
• After 50 years
Until 2050, rising watertables/salinity will cause progressive losses in operating
profit each year. The sum (present value, 7%) of these extra losses (i.e. over and
above the current impact) is estimated at around $120M. This is significantly
more than the $19M estimated after 20 years and reflects greatly increased area
of land achieving the medium and high risk categories in the subsequent 30
years.
These estimates cover the major costs of rising watertables/salinity for rural towns,
roads, railways, vegetation and agricultural land.
Other likely cost items not captured in the analyses would include water resources,
lakes, wetlands, telecommunications (minor) and pipelines (minor).
All other components are at least partially captured. The vegetation component
includes forests (native or commercial) and parts of wetlands and streams —
although many people will justifiably argue they might have higher/lower/different
asset values than a protection cost.
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5.0 OTHER DATASETS
Nulsen and Evans (1998 unpublished) described a preferred approach for evaluating
the extent of dryland salinity that would provide a situation statement and an on-
going performance indicator.  The detailed situation statement was based on
LANDSAT TM analysis. They noted however that such analysis was only feasible in
selected areas over a three year period and that WA was currently processing five
scenes (each 34,225 km2) per year under State and NHT funds. Trained personnel
limitations restrict additional analysis to a further five scenes per year.  Thus, the
three years of the audit could cover some 500,000 km2 of States other than WA. The
LANDSAT TM output will contain errors of omission and commission. However, it will
indicate the location and extent of current salinity on a small catchment basis (1,000
to 10,000 ha) upwards. Accuracy at farm and paddock level will be contingent on the
level of local ground-truthing.
They further noted that:
“While the areal extent of salinity is of interest, it provides no insight into the state of
catchments and risk of further salinisation. Salinisation will only occur if watertables
continue to rise. Conversely, salinity will only be reduced if watertable elevations are
reduced. Even in catchments where the watertable is currently well below the critical
depth for surface salinity development, a rising watertable indicates the potential for
salinisation and the need to take preventative action.”
Land Monitor (an NHT and WA Government project to map and monitor the extent of
salinity through satellite imagery), has the most extensive LANDSAT TM dataset from
which current and predicted extent of salinity has been mapped. However, this does
not provide full coverage of the agricultural areas. This mapping currently represents
a snapshot of low productivity land. Low productivity land could be due to inherent or
anthropogenic causes, natural resource characteristics (primary or secondary
salinity, waterlogging, soil acidity, trace element deficiency etc.) or due to
management factors (weed burden, lack of fertiliser, wind erosion etc.).
Accuracy of this mapping is largely dependent on ground-truthing. This is particularly
important in sedimentary basins where salinity processes are less well understood
and make classification procedures difficult. Land Monitor is yet to provide
satisfactory interpretation of satellite imagery for salinity mapping in the Perth Basin.
Land Monitor provided draft prediction data for comparison with the outcomes of this
project. The data covered a small area around Dumbleyung and Mt Barker. An initial
evaluation showed that the two datasets were very similar, and at a regional scale,
almost identical. The major differences occurred at scales larger than the reporting
scale of the Audit, i.e. Land Monitor was able to map localised change. The
prediction produced by Land Monitor is based in part on the understanding of
groundwater processes by Agriculture WA hydrologists. Hence, it is not surprising
that the two datasets are similar.
The final predictions from the Land Monitor work suggested that at equilibrium, 31%
of the area is expected to be at risk from salinity (Evans 2000). This figure is in the
same range as shown by Ferdowsian et al. (1996) and the outcomes of this project.
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6.0 FUTURE GROUNDWATER MONITORING
Both Agriculture WA and WRC carry out groundwater monitoring programs. In
general terms, Agriculture WA’s Catchment Hydrology Group maintains groundwater
datasets in agricultural areas on its AgBores database. These data are primarily used
for salinity research.  The WRC does some monitoring but is primarily concerned with
potable/industrial groundwater resources. This arrangement is ongoing.
More than 5,000 bores were interrogated for use in the audit. After removing those
with limited data, 4,780 bores are now available on the AgBores database for future
monitoring.
Agriculture WA has begun a census to determine those that should remain as
priorities for long-term monitoring. An initial analysis has identified more than 1400
bores that should receive priority to provide long-term groundwater trend data. Table
14 shows the distribution of these bores within zones used for analysis in this audit
along with those bores nominated as high priority long-term sites for Agriculture WA.
Two zones (241 and 243) still require further analysis to determine which sites will
provide the most representative long-term data.
Table 14.  Distribution of bores within zones.
Zone Bores used in
NLWRA
Bores identified as
long-term sites
212 8 8
213 141 64
221 35 36
222 52 9
224 16 16
225 40 40
226 29 29
241 263 na
242 276 116
243 182 na
245 294 113
246 91 43
247 100 8
253 761 268
254 590 248
255 77 56
257 908 109
258 164 82
259 727 188
271 26 5
Total 4780 1438
na = no long-term bores have been identified for these areas
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Analysis has shown that bores identified as long-term sites do not occupy all the
systems analysed in this project. Some bore sites were not considered suitable.
The findings in this report are based at a regional scale (1:100,000 to 1:250,000).
Should future assessment be undertaken at a larger scale (e.g. farm scale,
1:10,000), improved geo-referencing of bore locations will also be necessary. It is
recommended that GPS-based referencing of bore locations become standard
procedure during site establishment.
This assessment has identified systems and zones lacking data. These areas have
been used to prioritise sites for drilling programs initiated by Agriculture WA during
2000. These programs are designed to fill some of the gaps in current monitoring
networks.
Systems identified at high risk due to shallow watertables in the future and which do
not currently have sites suitable for long-term monitoring will be given priority in future
drilling programs.  This work will provide improved data for future audits.
7.0 KEY OUTCOMES
The key results from the WA audit show that for the south-west region:
• Groundwater trends are dominated by rising or stable trends.  No systems have
significant falling trends.
• Approximately 16% of the region has the potential for salinity in 2000 due to
shallow watertables.
• 20% of the region has the potential for salinity in 2020 due to shallow watertables.
• 33% of the region has the potential for salinity in 2050 due to shallow watertables.
• Recharge modelling of current and future farming systems indicates that predicted
changes in land use only sufficiently changed recharge in three zones to delay the
onset of salinity. The reduction in recharge was not sufficient in any of these
zones to reduce the eventual extent of salinity.
The outputs from the project include maps, tables and graphs.  All time series
groundwater data have been collated and evaluated to determine appropriateness for
future reporting on dryland salinity status and trends. These data form part of
Agriculture WA’s Agbores database which is regularly updated and used for ongoing
analysis.
7.1 Extent
The issues of reporting scale, monitoring bore distribution and density, data quality
and availability, need to be considered when interpreting the results of this project.
It is important to recognise that the risk analyses and conclusions presented provide
only a statewide appreciation of the extent and impacts of dryland salinity.
Groundwater trend analysis at the scales used will only provide an overview and is
intended to enable national and State governments, industry and communities to
make better informed decisions on policies and investments in management. Trends
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at local level (farm and paddock) can only be determined from individual bores whose
location with respect to landscape position and hydrogeology is well known.
Ongoing mapping of ‘salinity’ at farm and catchment scale is being undertaken by the
Land Monitor project. This is mapping areas of low productivity, most of which have
been attributed to salinity. When complete, this should provide a current estimate of
the extent of salinity at a catchment scale (1:10,000 to 1:25,000). Determining
groundwater trends for catchments, and the impacts that different management
strategies will have on these trends will be of greater importance for the long-term
management of salinity.
The data published by this project are intended to be used at regional scale and
should not be applied at local level (1:25,000 to 1:10,000). A regional scale cannot
recognise local variability and various assumptions must therefore be made.  Within
the context of the regional scale these assumptions are reasonable, however there is
a temptation to relate the outcomes to the local scale.  Any results or conclusions
drawn will be clearly out of context.
One option to improve the reporting of the extent of salinity may be to start at a larger
scale (e.g. 1:10,000) and then work up to a regional context (1:250,000). This
process would require significantly more data, resources and time than was available
for this project.  Lack of data at local (farm and catchment) scale clearly limited the
outcomes of the SS2020 project.
Table 14 illustrates the hierarchical scale of mapping used in this study, with
examples of how results can be used. The maps produced should only be used as a
planning tool, with meaningful and defensible conclusions drawn, at national, State
and regional levels. More detailed work is required to assess the data at catchment
and farm scale.
7.2 Impacts and implications
Future audits assessing the impact of groundwater and salinity on infrastructure,
biodiversity, water resources and agriculture should consider implications and issues
raised by this study that might limit or restrict any future assessment of impacts.
Infrastructure
• Approximately 20% of all road and rail networks are currently affected. This could
increase to 40% by 2050. Twenty-seven of the larger rural towns were identified
as having a current or potential risk.
• Datasets for infrastructure need to be well maintained.
• To fully value the costs to infrastructure, improved dollar values of infrastructure
are required.
Biodiversity
• Of the land classified as perennial vegetation (excluding herbaceous perennials),
600,000 ha are affected, increasing to 1.8 million ha by 2050. This may result in
the extinction of up to 450 plant species and a significant reduction in fauna
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species. The main areas of State Forest, which broadly cover the Western Darling
Scarp Zone (255) from Perth to Albany, are not at risk.
• Datasets relating to biodiversity are still largely being developed in WA.
• These datasets need to be established and long-term sites identified to allow for
ongoing assessment.
• Attributing costs is virtually impossible as there few, if any, precedents for
determining the cost of extinction species or the cost of replacing entire
ecosystems.
Water resources
• In WA a high proportion of surface water resources are saline.
• The impact on significant groundwater resources within the Perth Basin and in
other regions has not been assessed by this audit.
• Future monitoring should consider assessing these groundwater resources and
will require improved datasets.
• A standard methodology for valuing water resources should be developed.
Agriculture
• About 13% of cleared agricultural land is affected by shallow watertables
increasing to about 33% by 2050.  These areas occur predominantly inland with
the most significant changes occurring in the 400 to 800 mm rainfall zone.  There
is limited groundwater information in some areas such as the Northern Perth
Basin (Northern Agricultural Region).
• The assessment of predicted land use change does not indicate any significant
reduction in recharge. The future extent of salinity is unlikely to change.
• Annual reporting is difficult due to the size of WA.
• Improved satellite interpretation, or extending the process used by WA in this
Audit to a catchment level may provide a better estimates for future Audits.
• Improved groundwater monitoring systems in agricultural areas will be critical for
establishing better estimates of local and regional groundwater trends, depths and
qualities.  This would improve the estimates of areas at risk, and improve the
estimates of management impacts leading to, and changes or delays in the
eventual extent of salinity.
Monitoring a range of data is critical to enable ongoing investigations. Future
investigations should include:
• Identification of groundwater processes and trends in areas currently lacking data
• Risk assessment at a larger scale more applicable to land management
• Assessment of risk to water resources
• Assessment of the impacts of changing land use management.
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Table 15. Use of Project 1A report and mapping products as a planning tool.
SCALE USE USER EXAMPLE
REGIONS
PROVINCES
NATIONAL AND
STATE PLANNING
RESOURCE
ALLOCATION
NATIONAL AND
STATE
GOVERNMENTS
INDUSTRY
GROUPS
SPECIAL
INTEREST
GROUPS
IDENTIFY AREAS
AT RISK OF
DRYLAND
SALINITY
ALLOCATE
RESOURCES TO
IMPLEMENT
SOLUTIONS
ZONES
SYSTEMS
STATE,
REGIONAL AND
LOCAL PLANNING
STATE AND
LOCAL
GOVERNMENT
INDUSTRY
GROUPS
SPECIAL
INTEREST
GROUPS
COMMUNITY
GROUPS
IDENTIFY
BROAD
LANDSCAPES
WHERE
SALINITY MAY
OCCUR
IDENTIFY
RESEARCH
NEEDS TO
AMELIORATE
EXTENT AND
IMPACTS
IDENTIFY NEW
INDUSTRIES
SUB-
SYSTEMS
SOIL
PHASES
CATCHMENT
PLANNING
FARM PLANNING
LOCAL
GOVERNMENT
INDUSTRY
GROUPS
SPECIAL
INTEREST
GROUPS
COMMUNITY
GROUPS
INDIVIDUALS
IDENTIFY THE
CAPACITY TO
CHANGE
e.g. NEW
OPPORTUNITY
FOR INDUSTRY
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8.0 RECOMMENDATIONS
• Develop methodologies and standards to improve the rigour of subsequent
national, regional and local scale audits.  Future audits to determine the extent
and impact of salinity will require improved datasets from those that were readily
available within the given timeframe.  The preferred approach based on remote
sensing and groundwater data as outlined by Nulsen and Evans (1999) should be
investigated.
• Continue to improve satellite and other remote sensing interpretations and
increase their availability.  By using these datasets along with extending the
process used by WA in this audit to a catchment level will provide better estimates
during future audits.
• Continue to investigate and build a knowledge of groundwater processes in
agricultural regions.
• Improve groundwater monitoring systems and networks in agricultural areas.
Extend current groundwater monitoring networks to provide essential data on
groundwater depth and trend. Monitor the impacts of land management
treatments on the water balance.
• Assess groundwater resources in agricultural areas and improve the monitoring of
both surface water and groundwater resources.
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APPENDIX 1. ALLOCATION OF LAND USE DATA AND
WATER BALANCE CALCULATIONS
Land use data were required to determine current and future land use and its impact
on salinity.  Data were acquired for the agricultural areas through a series of
workshops held throughout regional WA. The participants were mainly from
Agriculture WA and of varied background (economists, agronomists, local farm
business consultants, hydrologists etc).
Current and future agricultural land uses were attributed at a zone level and a water
balance comparison carried out.
The percentage of each major soil group is known at both a system and zone level.
Land use was allocated against major soil types for each zone. Data was collected
for current land use (2000) and for 2020. Due to both the purpose and scale of the
project, land use was then allocated at the zone level. Land use in 2020 was
allocated based on the perceived capacity or potential for change for each soil type
and a range of likely scenarios (economic, environmental etc.) for the next 20 years.
Land use data were available in some formats prior to the workshops. However, no
data were available for estimates of current and future land use based on ‘likely’ on-
ground land use as opposed to ‘desirable’ land use. Data were therefore collected for
soil groups within zones for both current and predicted future land use.
Current and future land use was allocated as a percentage of each soil type within
each zone. The major soil groups (referred to as supergroups) are known for each
zone and have been allocated by percentage to each zone. Supergroups are defined
by texture or permeability profile, coarse fragments and water regime. Soil groups
(which combine to form supergroups) are defined by calcareous layer, colour, depth
of horizons, pH and structure (Schoknecht 1999).  In most zones approximately 80%
of the zone area is defined by five to six supergroups.
Land use was allocated to each supergroup in each zone. Broad categories, e.g.
annual crop, annual pasture, perennial pasture, fodder crops (generally tagasaste),
trees etc were adopted to standardise data. Categories were made for rural lifestyle
and urban land use, as these were perceived as significant in some zones. These
categories have been aligned with standard classifications (WASLUC). Land uses
were generally allocated at minimum amounts of 5 or 10%, to a maximum of 100% of
soil group area.
Future land use data was collected for 2020 but not specifically for 2050. This was
seen as too far in the future for sensible prediction. Predictions for 2020 were
subjective, but based on a wide range of experience and background of those
participating in the workshops.  Consideration was given to the capacity for change in
each soil type, predictions for increased salinity, current research direction, extension
programs, adoption factors and market factors.  The aim was to increase overall
water use where it was realistically possible. Land use was recorded as the most
likely land use ‘on-ground’ as opposed to the ‘desirable’ land use and documented
for each zone.
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Perennial vegetation (remnant and planted) has been measured through satellite and
photo interpretation by the Spatial Resource Information Group of Agriculture WA.
Each region was made aware of these data, and a figure allocated to remnant
vegetation with the understanding it would be scaled to represent actual data. The
remaining areas were allocated land uses proportionally. The proportions were
considered correct and modified according to the area of remnant vegetation.
Land use change may alter recharge. The data were analysed to determine relative
amounts of recharge should land use change between 2000 and 2020. Two water
balance programs developed by Agriculture WA were used, AgET and Catcher.
The relative difference in recharge was used to provide an assessment of the impact
on salinity. Previous modelling carried out for the WA State Salinity Council (George
et al. 1999) suggested that without immediate radical change, new agricultural
systems will only delay salinity development. The work suggested that if a recharge
reduction of 25% is achievable, a delay in the onset of salinity of 10-20 years might
be expected, and a 50% reduction might deliver a delay of 50 to 60 years. This
effectively delays the watertable rise from 2000 to 2020 or 2050 dependent on the
suggested change.
The magnitude of the change in recharge was used in conjunction with this work to
provide a broad assessment of the likely impact of land use change to salinity.
Water balance calculations
The impact of different land use will impact on watertables if it changes the amount of
recharge significantly. To determine the significance of the proposed land use
changes the data were used to run two water balance models. These models allowed
relative amounts of recharge to be calculated.
AgET is a simple water balance calculator.  It was developed to assist farmers and
their advisers to understand how differing climates, plants, soils and rotations
influence components of the water balance. The model uses ‘average’ climate, and
‘representative’ soil and plant information obtained within the WA agricultural areas.
To operate AgET, the user selects a site, soil unit, plant or farming system of interest,
and then runs the model using current and alternative farming systems (land use)
that may be suited to that environment. The output shows the magnitude of the
components of the water balance, i.e. the amount of recharge, runoff,
evapotranspiration etc. These calculations can be made for a range of annual or
perennial plants used within farming systems.
AgET contains a soil file with general soil attribute data applicable across the State.
However, soil groups vary significantly between zones. To improve the accuracy of
the model, new soils files were compiled for each zone.
Crop data include Plants/ Crop Name, Crop Type Indicator, 12-monthly crop factor
values, minimum, effective (recommended), and maximum rooting depth and a data
quality code. Data for crop factors and crop rooting depths are not widely available
across the State, and are of variable quality. The default values that are used by the
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program were established from a variety of sources (AgET Technical Reference,
Argent 1999) and were used in the calculations.
Model calibration was achieved using data from the Catchment Hydrology Group,
Agriculture WA. The group has summarised groundwater trends across the State
(Nulsen 1998).  Soil and crop files were manipulated to produce recharge estimates
consistent with measured rates of rise. Where these data were not available, it was
assumed that 10% of rainfall would become recharge.
Water balances for each land use/soil supergroup/zone were calculated and stored
for use in Catcher (Argent 2000).
Catcher is a ‘back of the envelope’ calculator for analysing catchment water
balances - how much rain falls, how much water evaporates (E/T) and is used by
crops, how much runs off (Runoff), and how much percolates into the subsoil (Deep
flow). It uses monthly point-value estimates of E/T, Runoff and Deep flow from the
AgET program, adds them up for a given catchment, and allows users to see how
much effect different crop plantings in different areas of a catchment might have on
the catchment water balance.
The program was used to allow the proportions of each land use to be recognised in
the water balance, i.e. AgET determines the individual water balance for each land
use, Catcher determines the overall water balance for each super group, given a
range of nominated land uses. Recharge was then summed for each zone based on
the proportion of each supergroup in that zone.
Whilst the approach is approximate, the exact figures for recharge are not required.
Instead, the relative differences have been used to indicate the impact of land use
change on watertable levels.
CONSTRAINTS
• Land use data have been acquired through agency experience, rather than ABS
statistics, and may have some element of subjectivity. This is particularly so for
land use allocation in 2020.
• Recharge estimation for land use analysis was based on broad characteristics.
Some zones cover substantial areas of the State and show significant variability
of soils and climate.  Average conditions have been assumed.
• Limited economic data of the value of natural resource assets will restrict a
financial assessment of the impact of salinity.
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APPENDIX 14. INDICATIVE ESTIMATES OF THE COSTS OF
SALINITY ON AND OFF-FARM IN WESTERN AUSTRALIA
By Allan Herbert, Economics Group, Agriculture Western Australia. June 2000
BACKGROUND
Theme 2 Project 1 of the National Land and Water Resource Audit (NLWRA) has two
main outcomes for reporting:
• The extent of dryland salinity
• The impact of dryland salinity
Hydrologists Rod Short and Cecilia McConnell (both Agriculture Western Australia)
supervised the major part of the project. Spatial distributions of areas at low, medium,
and high risk of being affected by rising watertables were produced for the south
western agricultural areas of the State for each of three time periods – years 2000,
2020 and 2050. Actual areas at risk were calculated for a series of hydrological
datasets and applied to each of 29 zones. From this work, estimates of impact were
supplied for the following:
• Agricultural land – area affected
• Rural towns – by name
• Roads – four types by length affected
• Railways – length affected
• Vegetation – area affected
• Streams – length affected
• Water – risk to quality for rivers
This information was used to provide an “estimate of the broad economic
implications”. Cost estimates were made of what a high risk category would mean for
each of the topic areas with the medium risk category scaled off against it – generally
half the impact. The attached papers (Sections A-E) describe the methodology used
for each and the results obtained for the first five impact topics. No attempt was made
to quantify streams or water quality in $ terms.
CLARIFICATION
The analysis of broad economic implications was done with limited resources and
consequently many assumptions have been made as outlined in the attached section
notes. The exercise was seen as a quick ‘first pass’ look at the possible magnitude of
the problem hence minimum consultation has occurred in checking many dependent
variables. The process would be improved if more time was available to source
appropriate material.
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It was moreover seen as a threshhold project – “Let’s have a look at possible
methodologies and some rough calculations and perhaps revisit it later if necessary”.
It is understood that all States are going through a similar process and there is a
possibility of sorting through the methods used to determine a standard approach –
and even some standard unit costs. This would then place all States on a similar
footing in terms of quantifying the $ impacts of dryland salinity.
Given the uncertainty in many of the assumptions, and indeed in the broad scale of
the base risk profile data, there seemed little point in doing elaborate sensitivity/range
testing.
WHAT IS THE QUESTION?
It was understood that the task was to quantify the costs of rising watertables and
salinity. That is – “what are the range of costs likely to be incurred if watertables
continue to rise at the assessed rate without intervention?” The numbers generated
are seen to be the upper bounds of “costs saved” if some magical wand could be
waved over the problem to make it go away. Hence all analysis concentrated on this
perspective.
This is a different question to “what is the cost of amelioration measures relative to
the benefits likely to be obtained?” Analysis of this question is a much more
complicated process and would require response functions to adequately address it.
But it is a more relevant approach. The costs of salinity are meaningless without
some assessment of the costs of the strategies to combat it and the benefits obtained
from those strategies – either in production terms, retrieving land or infrastructure
which otherwise would be lost, or in avoiding future costs.
COSTS OF SALINITY
Agricultural land
An annual ‘operating profit’ was assigned to each hectare of farmed land. The values
differed between zones but were assumed to be an average across all hectares
within zones. High and medium risk land was scaled off against an unaffected land
operating profit.
The year 2000, 2020, and 2050 predictions for salinity impacts were then used to
calculate total operating profit for each zone. Year 2000 without salinity was used as
a base case for comparison to calculate the additional costs of salinity in subsequent
years in terms of ‘lost’ operating profit.
• Current year
The opportunity cost of lost operating profit in year 2000 due to
watertables/salinity is estimated as $80M. That is, if all the currently affected land
was still able to produce normal income, farmers would have an extra $80M
operating profit available to spend elsewhere in year 2000.
• After 20 years
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Up to year 2020, rising watertables/salinity will cause progressive losses in
operating profit each year. The sum (present value, 7%) of these extra losses (i.e
over and above the current impact) are estimated at around $19M.
• After 50 years
Up to year 2050, rising watertables/salinity will cause progressive losses in
operating profit each year. The sum (present value, 7%) of these extra losses (i.e
over and above the current impact) are estimated at around $120M.
Rural towns
A draft consultant’s report on the cost of salinity for the town of Merredin (high risk
category) was used to scale off all other towns in zones with a high or medium risk –
based on respective town populations. Changes in town risk profiles between year
2000, year 2020, and year 2050 allowed calculation of the extra costs over the 20
and 50 year periods. Medium risk towns were assumed to attract 25% of the costs
(compared to high risk towns) – after scaling for population.
• Current year
The present value of costs for 60 affected towns under the year 2000 risk profile
was estimated as near $68M. This is today’s value of the sum of all future
expected costs of repair and maintenance over a 50 year period.
• After 20 years
The present value of costs for each of the years 2000 and 2020 risk profiles were
converted to an annuity as an estimate of what each town would need to spend
each year to combat rising watertables/salinity. The difference in annual cost
flows provides an estimate of the extra costs with progression of the salinity
problem. Over the first 20 year period, the total additional cost is $0.8M.
• After 50 years
The present value of costs for year 2050 risk profile was also converted to an
annuity for comparison with the year 2000 profile. There is greatly increased
impact on rural towns in the 20 to 50 year period and the total additional cost (i.e.
over and above the current impact) is estimated at $22.5M.
Roads
An approximate annual cost of repair per kilometre was calculated for each type of
road and risk profile. Comparison of normal maintenance cost with the increased cost
gave an estimate of the extra costs due to watertables/salinity. Lengths of road
affected at the three time periods was used to frame a series of cost flows over the
20 and 50 year periods of analysis.
• Current year
The annual cost in year 2000 of extra repairs due to watertables/salinity is
estimated as $505M. That is, annual road expenditure is $505M more than it
would be if no roads were affected.
• After 20 years
Rising watertables will increase the lengths of roads affected with a total extra
repair cost of $91M. This is today’s value of the sum of all future extra costs of
repair and maintenance over a 20 year period.
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• After 50 years
Today’s value of the sum of all future extra costs of repair and maintenance over
a 50 year period is estimated at around $288M.
Railways
An approximate annual cost of repair per kilometre was calculated for railways and
for each risk profile. Comparison of normal maintenance cost with the increased cost
gave an estimate of the extra costs due to watertables/salinity. Lengths of railway
affected at the three time periods was used to frame a series of cost flows over the
20 and 50 year periods of analysis.
• Current year
The annual cost in year 2000 of extra repairs due to watertables/salinity is
estimated as $11M. That is, annual railway expenditure is $11M more than it
would be if railways were not affected.
• After 20 years
Rising watertables will increase the lengths of railway affected with a total extra
repair cost of near $2M. This is today’s value of the sum of all future extra costs
of repair and maintenance over a 20 year period.
• After 50 years
Today’s value of the sum of all future extra costs of repair and maintenance over
a 50 year period is estimated at around $7M.
Vegetation
A ‘protection’ cost based on a pumping Strategy was allocated as a proxy value to a
hectare of vegetation. While the capital costs were held constant, differential
operating costs were applied for each risk profile. Conversion to an annuity provided
an estimate of the annual cost of protection and allowed a series of cost flows to be
constructed. The present values of these cost flows then provided a basis for
estimating the $ impact of increasingly affected areas of vegetation.
The following results are based on 10% of the affected areas being protected.
• Current year
The annual cost of protection of 10% of the year 2000 affected areas is estimated
as $63M.
• After 20 years
If 10% of the increased areas affected in year 2020 are protected, the annual
cost is estimated as $64M.
• After 50 years
If 10% of the increased areas affected in year 2050 are protected, the annual
cost is estimated as $78M. The total sum (present value, 7%) of the extra costs
of protection over the 50 years is estimated as $15M.
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SUMMARY OF CURRENT ANNUAL COSTS DUE TO
WATERTABLES/SALINITY
The above summaries and section documents provide the detail behind the ‘best bet’
values summarised below. The values shown in the table below are estimates of the
additional costs incurred in year 2000 due to currently affected land/infrastructure.
Annual cost in year 2000 due to
watertables/salinity
Best bet Possible range
Agricultural land – Opportunity cost of lost operating
profit
$80M $80—$261M
Rural towns – Annuity of a 50 year discounted present
value
$5M $2—$16M
Roads – Additional repair and maintenance costs $505M Not tested
Railways – Additional repair and maintenance costs $11M Not tested
Vegetation – Imputed cost of protection of 10% of
affected areas
$63M $63—626M
SUMMARY OF EXTRA COSTS OF WATERTABLES/SALINITY
AFTER 20 AND 50 YEARS
The summaries above and the section documents provide the detail behind the ‘best
bet’ values summarised below. In each case, the base case for comparison is the
current (year 2000) affected area/infrastructure.
After 20 years (to 2020) After 50 years (to 2050)
Best bet Possible range Best bet Possible range
Agricultural land – Total
present value of extra lost
operating profit
$18.6M $19—84M $120.3M $120—351M
Rural towns – Total
present value of extra
repair costs
$0.8M $0.2—2.9M $22.5M $13—38M
Roads – Total present
value of extra repair costs
$90.8M Not tested $288.4M Not tested
Railways – Total present
value of extra repair costs
$1.6M Not tested $6.6M Not tested
Vegetation – Total present
value of extra protection
costs
-$0.8M
(10% of
affected
vegetation)
($0.08M) –
($8.2M)
$14.6M
(10% of
affected
vegetation)
$14.6—145.7M
